Next, a Rankine panel method was applied to solve the equations based on the present unsteady free-surface condition.
For radiation condition of waves a numerical damping was introduced into the free-surface condition. Calculations were made of the unsteady hydrodynamic forces such as added mass, damping and wave exciting forces for a two-dimensional submerged cylinder and an ellipsoidal ship hull form. By comparing with other calculations and experiments it was shown that the present numerical method is useful for better understanding of the unsteady free-surface flow problems.
Introduction
Ship hydrodynamic forces have been predicted commonly by using strip method, thin ship theory and slender body theory. To take three-dimensionality in more consistent way, singularity distribution methods have also been proposed2)7)8)9)14). These methods are based on the solutions for the classical linearized freesurface condition.
Further, for an improvement of the linearized solution, approaches have been made to deal with the freesurface condition taking steady perturbation flow around a ship into account. For instance, in 1983 Lee considered the double body flow as a basic flow to calculate added resistance of a ship in head waves15). Sakamoto and Baba extended the low speed wave resistance theory1) to unsteady free-surface flow problem, and derived an asymptotic solution of added resistance19). Zhao et al. calculated added resistance of a semi-submerged sphere24). Kashiwagi and Ohkusu presented a hybrid method in radiation problem for a half-immersed circular cylinder13)'. Huijismans and Hermans discussed the effect of steady perturbation flow on drifting forces of ships under the assumption of low speed6). At present, however, it is difficult to deal with general ship hull form with forward velocity, since the computation scheme for solving the basic equations is complicated and the amount of the calculations is considerably large.
On the other hand, there is Rankine source method3)4), 
Then eq. ( 7 ) is expressed as : ( 9 ) Eq. ( 9 ) can be separated into two independent linearized free-surface conditions, one for the steady wavemaking flow and the other for the time dependent wave motion as follows :
[steady component] (10) [unsteady component] (11) Eq. ( 10 ) Fig. 1 ) and is assumed small quantity. Then total velocity on S,170 is expanded in Taylor series as : (13) where Sr, means the ship's surface in steady-state position. Substituting ( 1 ) and (13) into (12) and neglecting the higher order terms for Oh cb, and a, it follows that (14) It is noted that the eq. (14) can be derived also by applying the present assumptions to the hull surface condition presented by Timman and Newman"). Eq. (14) can be also separated into two independent hull surface conditions, one for the steady wave-making flow and the other for the time dependent wave motion as follows :
[steady component] (15) [unsteady component] 
Eq. (17) can be separated into two components as follows :
[steady component] (18) [unsteady component] 
Neglecting the higher order terms for 01, q5o and a, Pi/ is represented as :
Integrating the pressure pu over the ship hull surface, the hydrodynamic forces F1 acting on a ship can be obtained as : 
where the potential 0(x, y, z), which is to be solved, is given in complex form. The potential is expressed in the following form : 
[H]
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Incident-wave potential 0, is expressed as :
where wo is the incident-wave frequency, K the wavenumber and x the angle of incident-wave direction (see Fig. 2 Next, calculation accuracy of the present method was examined in case of non-zero speed (Froude number Fna (=U1,1ga) =0.4) . The calculations using two different free-surface conditions were made : one is the present free-surface condition and the other the classical freesurface condition. The present method of solving problem is applied for the classical free-surface condition (we call Linear calculation) to compare with the linear solutions calculated by Kashiwagi et al. 12) for the case that (30) and (31) are omitted. Figs. 7, 8 and 9 show the Linear calculation is larger than Linear calculation at large wavenumber and is smaller at small wavenumber.
For the diffraction problem the influence of steady perturbation flow appears more remarkably when it is compared with the results of the radiation problem. It is noted that the present method can give valuable information such as wave configurations around a ship in unsteady case. Thus it can be said that the present method is useful for better understanding of unsteady free-surface flow problems. Extension of the present method to the calculations of ship motion and second order steady forces such as added resistance and wave drifting forces is a future work together with an improvement of the accuracy of the present method. Then, the present free-surface condition coincides with the classical unsteady linearized free-surface condition as :
2 Results for an Ellipsoidal

